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THEORETICAL 
In this laboratory workers have been carrying on a series 
of investigations for a number of years which today are still 
in progress, endeavoring to thoroughly elucidate the mode of 
addition of halogens, specifically bromine and chlorine in 
non-ionizing solvents to conjugated dienes. 
At this point it should be pointed out that many believe 
1,4-addition compounds'^ do not form directly b\it result from 
the rearrangement of 1,2- or 3,4-sddition reactions. It has 
been suggested by some chemists that Thiele's theory could be 
extended to the electronic theories of polarization. According 
to this theory, a conjugated diene system should polarize in 
at least two ways. Under these conditions it is possible for 
reactions to take place on adjacent or terminal carbon atoms 
of the chain. The following graphic examples will illustrate 
the possible electronic configurations of such a molecule: 
(S’ - C - C - C and (S’ - C - C - c" 
1,2- or 3,4-addition 1,4-addition 
O 
Experimentally it has been shown that bromine adds to 
butadiene-1,3 in the 1,2-position and even at room temper- 
- 
Muskat and Northrup, J. Am. Chem. Soc,, 52, 4043 (1930). 
2 
Parmer and Thorpe, J. Chem. Soc., 730 (1928). 
1 
2 
ature it under goes rearrangement forming a stable 1,4-ad- 
dition compound. Results have been obtained showing that 
bromine^ and chlorine3  5 6 7 8 add to 2,3-dimethylbutadiene-l,3 to form 
a stable 1,4-dibromide. But, on the other hand, when a highly 
electronegative phenyl group has replaced one of the terminal 
5 
hydrogens in butadiene-1,3 bromine will not form a stable 1,4- 
addition compound instead it will add in the 3,4-position 
yielding a stable 3,4-dibromide. It has been shown by experi¬ 
mental work in this laboratory that l-phenyl-2,3-dimethylbuta- 
diene-1,3 adds bromine in the 3,4-position. 
On chlorinating phenylbutadiene-1,3 it was shown by ozoniz- 
7 
ation that chlorine adds in the 3,4-position rather than in 
the 1,4-position as would have been predicted by Thiele's theo- 
Q 
ry. Hayes found that bromine added to l-p-Nitrophenyl-2,3- 
dimethylbutadiene in the 1,4-position when methylene chloride 
was used as a solvent. If 3,4-addition also took place, she was 
3 
Sweeting and Johnson, J. Am. Chem. Soc., 68, 1057 (1946). 
4 
Henry J. Jackson, "Chlorination of 2,3-Dimethylbutadiene" 
(Unpublished Master's thesis, Department of Chemistry, Atlanta 
University, 1935), p. 7. 
5 
Straus, Ber., 42, 2866 (1909). 
6 
Henry C. Me Bay, "The Preparation and Bromination of 
l-Phenyl-2,3-Dimethylbutadiene" (Unpublished Master's thesis, 
Department of Chemistry, Atlanta University, 1936), p. 15. 
7 
Muskat and Huggins, J. Am. Chem. Soc., 51, 2496 (1929). 
8 
Thedola Hayes, "The Bromination of l-p-Nitrophenyl-2,3- 
Dimethylbutadiene-1,3" (Unpublished Master's thesis, Department 
of Chemistry, Atlanta University, 1952), p. 11. 
3 
unable to isolate any of this isomer. 
Phenyl-vinyl conjugation.— Burton and Ingold9 have empha¬ 
sized the fact that in addition of halogens to conjugated dienes 
phenyl-vinyl conjugation will always be preserved to the great¬ 
est possible extent. In addition, it has also been observed that 
phenyl-vinyl conjugation with its resonance effect stabilizes 
the adduct about 7 kcal. per mole. It has been further observed 
that the greatest negative polarization occurs at the end of the 
conjugated system. 
When phenyl-substituted butadiene is chlorinated or bromi- 
nated, one may expect to obtain only equilibrium addition 
products. Since terminal initiation and phenyl-vinyl conjugation 
are the controlling factors, in a conjugated system, one will 
be able to predict at least qualitatively the products of form¬ 
ation. For example, when phenylbutadiene is chlorinated or 
brominated, the expected product will be the 3,4-dihalide. "*’C) 
Muskat and Northrup-^ have experimentally shown that when 
phenylbutadiene was chlorinated the 3,4-dihalide was obtained 
exclusively. On brominating phenylbutadiene Strausx was able 
to isolate the 3,4-dibromide. If it be kept in mind that 
9 
Burton and Ingold, J. Chem. Soc.t 910 (1928). 
10 
De La Mare, Hughes and Ingold, J. Ohem. Soc., 17 (1948). 
11 
Muskat and Northrup, op. cit., p. 4043. 
12 
Straus, op. cit., p. 2867. 
4 
initiation will commence at the terminal carbon atom, the 
following equations will illustrate the addition of bromine to 
phenylbutadiene: 
1 
/Ej ÆL B * CT3- -Br 
If one examines the structural formulas of the two isomers, it 
is evident that phenyl-vinyl conjugation is present in the 3,4- 
adduct but absent in 1,4-dibromide. 
Therefore, we would expect to obtain the 3,4-compound exclusive¬ 
ly* 
The effect of poly-substituted substituents on phenyl-vinyl 
conjugation may be illustrated by considering the reaction of 
l-phenyl-2,3-dimethylbutadiene with bromine as indicated in the 
following equation: 
1 2 3 4 
5 
It is seen that as in the case of the previous example the 
phenyl-vinyl conjugation is absent in the 1,4-adduct but 
present in the 3,4-isomer. It should be pointed out that the 
methyl group on carbon (2) would be equally hyperconjugated 
with the double bond in both the 3,4- and 1,4-dihalides and 
thus should affect the stability of both isomerides equally. 
Now, considering the methyl group on the third carbon atom we 
find that it should contribute to the stability of the 1,4- 
isomeride but not to that of the 3,4-isomer. However, the gain 
in stability due to the hyperconjugation of the (3) methyl 
group in the 1,4-isomer is more than off set by the absence of 
phenyl-vinyl conjugation in this compound. This is in accord 
l1* 
with the experimental results reported by Me Bay who found 
that l-phenyl-2,3-dimethylbutadiene adds bromine exclusively 
in the 3,4-position. 
The introduction of an electron attracting group (the nitro 
group) in the ortho or para position of the phenyl group should 
decrease the stabilization due to phenyl-vinyl conjugation. We 
would predict that when 1-p-Nitrophenylbutadiene is treated 
with one mole of halogen the amount of 1,4-isomer would be in¬ 
creased. Indeed Hayes^ found that l-p-Nitrophenyl-2,3-dimethyl- 
butadiene-1,3 adds bromine to yield a crystalline stable 1,4- 
— 
H.G. Me Bay, The Preparation and Bromination of 1-Phenyl- 
2,3-Dimethylbutadiene. 
14 
T. Hayes, The Bromination of l-p-Nitrophenyl-2,3-Dlmethyl- 
butadiene-1,5. 
6 
isomeride. It is generally agreed that the bromine isomer re¬ 
arranges into the thermodynamically more stable isomer more 
readily than does the chlorine isomer. If we assume that the 
3.4- isomer which is kinetically controlled was first formed, it 
would be expected that the tertiary halogen atom on carbon atom 
(3) would immediately ionize and rearrange to position one, 
where a positive charge could be easily produced as a result of 
the electron attracting power of the para-nitro-group. 
i 5 
Chlorine forms a less mobile system and it would be ex¬ 
pected that the 3,4-isomer initially formed would rearrange 
less readily into the 1,4-isomeride* Indeed we found that no 
1.4- dichloride could be isolated when the diene was chlorin¬ 
ated in chloroform at zero degrees centigrade. Instead a 
crystalline mono-chloride was isolated which was shown to be 
a diene by ultra violet absorption spectra measurements, and 
ozonolysis. It reacted with maleic anhydride to yield a 
chlorine-free adduct which we believed was formed by the 
following series of reactions: 
15 
De La Mare, Scott and Robertson, J. Chem. Soc., 1168 
(1947). 
7 
Although, we were unable to isolate the di-chloro-compound, 
we are of the opinion that the 3,4-dichloride loss hydrogen 
chloride yielding a mono-chloride. This seems reasonable since 
it has been shown that the 1,4-dibromide is a stable compound 
and does not decompose at its melting point. Hence, there is 
8 
no reason to believe that the 1,4-dichloride if formed would be 
unstable, 
02N-O>-- = rj-H^Clp 02N-CZ3>-( 
O2N-^T>- 
'h3 3 3 CHT CHS H 
OgN-Çr>-î : e C : i | Hci 
Ô1 
The theoretically possible isomers.— The following 
equations will illustrate the formation of these isomerides: 
QoM-O-j : (j-H + Clg^ 02N-O-( 
1,4-addition 
H ÇH, GH-2 H 
z ÏJ-Ï i <5-H cip ^ 
3,4-addition 
H CH3 Cfi3 H H ÇH3 CH3 H 
O2N^T3>-6 - <5—c = ft-H+çi2^ -tj—■à : C-H 
1,2-addition 
The l-p-Nitrophenyl-2,3-dimethylbutadiene-l,3 was prepared 
by the dehydrohalogenation of l-p-Nitrophenyl-4-chloro-2,3- 
dimethylbutene-2. This butene was prepared by the diazo 
coupling of 2,3-dimethylbutadiene-l,3 with p-Nitrobenzene- 
diazonium chloride. The method employed was that described 
Q 
1 c in ip 
by Hayes. D It has been suggested by recent workers * that 
chlorobutene probably resulted from 1,4- or 1,2-addition as 






°2 N-CZ3- -H 
The following equation will illustrate the dehydrohalogen 
ation of chlorobutene:^® 
  . ? 9H5 
O2N^73-C- b : KOH v 
ÂIÏÏ7 
02N-O = E 
QpN-CT^- KC1 + HOH 
Because of the excellent results obtained from the bromi- 
nation of l-p-Nitrophenyl-2,3-dimethylbutadiene-l,3 we thought 
it would be interesting to study the addition of chlorine to 
15 
Op. cit., p. 3. 
17 
Conyer and Ropp, J. Am. Chem. Soc., 70, 2283 (1948). 
18 




l-p-Nitrophenyl-2,3-dimethylbutadiene-l,3. It was hoped that a 
stable crystalline dichloride could be isolated. Our hopes have 
not been realized. Only a mono-chloride was isolated which on 
further chlorination yielded a penta-chloride which is a stable 
oil. It did not crystallize after standing for several hours. 
The ultra violet absorption spectra graph.-- The above 
graph represents the ultra violet absorption spectra of (A) 
l-p-Nitrophenyl-4-chloro-2,3-dimethylbutene-2, (B) 1-p-Nitro- 
11 
phenyl-2,3-dimethylbutadiene-1,3, (C) l-p-Nitrophenyl-4-chloro- 
2,3-dimethylbutadiene-l,3. 
EXPERIMENTAL 
Reagents.— The following reagents were used in carrying 
out this experiment: 
Pinacol HydrateM.P. 47°C./739 mm. 
Absolute MethanolB.P. 64°C./738 mm. 
Absolute Ethanol:2^ B.P. 77°C./737 mm. 
Hydrobromic acid : Baker Chemical Company, c.p. grade, 48 
B.P. 124°C./738 mm. 
Mercuric Chloride: Baker Chemical Company, c.p. grade, 
M.P. 276°C. 
Chlorine Gas : Carbide and Carbon Chemicals Company, 
Cylinder. 
Ethyl Ether: Carbide and Carbon Chemicals Company, c.p. 
grade, B.P. 35°C./739 mm. 
Acetone : Commerical Solvents Corporation, c.p. grade, B.P. 
56°C./738 mm. 
Benzene : Merck and Company, Incorporated, practical grade, 
B.P. 80°C./738 mm. 
Chloroform: Baker Chemical Company, c.p. grade, B.P. 
61°C./738 mm. 
Para Nitroaniline: Baker Chemical Company, c.p. grade, 
— 
Gilman and Blatt,"Organic Syntheses," John Wiley and 
Sons, Inc., New York, 1941, pp. 459-460. 
21 
Louis F. Fieser, "Experiments in Organic Chemistry," 
D.C. Heath and Co., Boston, 1941, p. 359. 
22 




Ligroin : Eastman Organic Chemical Company, practical grade, 
B.P. 35-75°C. 
Maleic Anhydride: Eastman Kodak Company, practical grade, 
M.P. 56°C. 
Magnesium turnings for Grignard: Baker Chemical Company, 
c.p. grade. 
14 
The preparation of l-p-Nitrophenyl-4-chloro-2,5-dimethyl- 
butene-2.— The crude l-p-Nitrophenyl-4-chloro-2,3-dimethyl- 
23 butene-2 was prepared according to the method of Hayes by 
9 4 
coupling eighty-six grams of liquid 2,3-dimethylbutadiene 
with 140 grams of p-nitroaniline which yielded 187 grams of 
crude dark red oil. The purification of the crude chlorobutene 
was carried out by distilling small quantities of forty grams 
25 26 
each * through a 250 cc. Claisen flask in vacuo. This dark 
red oil distilled over as a light-orange oil at 153°C./0.4 mm. 
The total yield of pure chlorobutene-2 obtained from 187 grams 
of crude oil was ninety-four grams or 50 %. 
When the crude chlorobutene-2 was rapidly distilled at a 
pressure of four-tenths millimeter decomposition was decreased 
considerably. When a short condenser of approximately 30 cm. 
in length was used, the yield of chlorobutene was slightly 
increased. 
The preparation of l-p-Nitrophenyl-2,5-dimethylbutadiene.- 
- Ninety-four grams of pure chlorobutene-2 were dissolved in 
705 cc. of absolute methanol and the resulting solution was 
poured into a 2-liter three-necked flask equipped with a 
— 
T. Hayes, The Bromination of l-p-Nitrophenyl-2,3-Dlmethyl- 
butadiene-1,3, p. 11. 
24 
Kyriakides, J. Am. Chem. Soc,, 56, 992 (1914). 
25 
Hayes, op. cit. 
26 
Conyer and Ropp, The Preparation of 1-p-Nitrophenyl- 
butadiene-1,3. 
15 
mercury-sealed mechanical stirrer, thermometer and a dropping 
funnel. A solution consisting of 113 grams of potassium 
hydroxide dissolved in 479 cc. of absolute methanol was slowly 
added to the contents of the flask with constant stirring. 
The temperature was maintained between 15 - 33°C. After all 
of the alcoholic potassium hydroxide solution had been added, 
the mixture was stirred for an additional thirty minutes. The 
reaction mixture was then allowed to stand over night. The 
following morning half of the reaction mixture was transferred 
to a 1-liter filter flask. The filter flask was connected to 
a water pump and the excess methanol was removed by suction. 
The yellow crystals of the diene fell to the bottom of the 
filter flask. When the reaction mixture had been decreased to 
three-fourths of its original volume, the last portion of the 
alcoholic mixture was transferred to the filter flask and the 
removal of the excess solvent was continued until the volume 
was decreased to about one-fourth of its original volume. Then 
the crude yellow crystalline diene was filtered through a 
Buchner funnel. The Buchner funnel which contained the crude 
yellow crystalline diene was transferred to another filter 
flask which was immediately connected to a water pump. These 
yellow crystals were washed repeately until the filtrate was 
clear. They were then dried as much as possible in the funnel 
by suction for two hours. Next, the crude diene was placed in 
a vacuum desiccator and allowed to dry for an additional three 
hours 
16 
While the diene was drying the alcoholic filtrate was di¬ 
luted with 400 cc. of water and extracted with several small 
portions of ether. The ether solution was then washed with 
water until the aqueous layer was clear. After which the 
ethereal layer was dried over anhydrous calcium sulfate for 
two hours. The ether solution was then transferred to a filter 
flask and the ether was removed by suction. To this oily resi¬ 
due which remained in the flask 400 cc. of ligroin was added. 
This solution was transferred to a large separatory funnel 
and was shaken vigorously for a few minutes. After allowing 
it to stand for a few minutes, the solution separated in two 
layers; the top yellow layer was retained and the bottom oily 
red layer was discarded. 
After the crystalline diene had been dried for three hours 
in a vacuum desiccator, the crystals were dissolved in a mini¬ 
mum amount of low boiling point ligroin (35-75°C.) at room 
temperature. The top yellow layer was separated from the red 
sticky substance by repeated decantation until the ligroin was 
clear. The two yellow solutions were combined and transferred 
to a 1-liter filter flask. After the ligroin had been removed 
by suction the yellow diene was recrystallized from absolute 
ethanol. These crystals were collected on a Buchner funnel and 
the filtrate was then concentrated by suction to give an ad¬ 
ditional three grams of slightly impure diene. The total yield 
of pure crystalline diene was thirty-three grams or 41.45 %, 
These crystals were analyzed for carbon and hydrogen. The 
17 
results obtained are indicated below: 
Anal. Calcd. for Ci2Hi302N: c> 70.91; H, 6.45. Found: C, 
71.25; H, 6.26; C, 71.58; H, 6.47; C, 71.00; H, 6.43. 
The preparation of l-p-Nitrophenyl-4-chloro-2,5-dimethyl- 
butadlene-1,5.-- Into a previously dried 1-liter three-necked 
flask fitted with a mercury-sealed mechanical stirrer, ther¬ 
mometer and a separatory funnel was added a solution contain¬ 
ing 13.7656 grams of pure l-p-Nitrophenyl-2,3-dimethylbuta- 
diene-1,3 dissolved in 300 cc. of chloroform. The mixture was 
stirred and kept cold in an ice-salt bath. To this well stirred 
cold mixture was added a solution containing 4.8032 grams of 
dry chlorine gas dissolved in 250 cc. of chloroform dropwise 
during a period of one hour. Then the reaction mixture was 
allowed to stir for an additional thirty minutes. After which 
it was allowed to stand over night in the dark. The next 
morning the reaction mixture was transferred to a 1-liter 
filter flask and the chloroform was removed under reduced 
pressure. The residue which remained in the bottom of the flask 
was a mixture of oil and yellow crystals. The crystals were 
separated from the oil by washing them with low boiling point 
ligroin (35-75°C.). Then the yellow crystals were recrystal¬ 
lized from absolute ethanol and collected on a 3uchner funnel. 
The total yield of this chloro-compound was sixteen grams 
(86.16 %) after it had been dried in a vacuum desiccator. The 
melting point was 125°C. 
When a sample of the yellow oil was distilled under four- 
18 
tenths millimeter of pressure, it decomposed very rapidly 
losing hydrogen chloride gas and leaving a yellow crystalline 
material deposited in the flask. When a sample of known mono¬ 
chloride was mixed with a specimen of these crystals the melt¬ 
ing point of the known was not depressed. This indicated that 
the two substances were truly identical. It was finally decided 
to keep the oil cool and purified it as much as possible. This 
oil was analyzed several times for chlorine, and it always gave 
a percentage higher than the mono-chloride but lower than the 
dichloride. The results are as follows: 
Anal. Calcd. for Cx2ax302N^^2: Cl, 25.87. 
Anal. Calcd. for Cx2Hx2°2^C^: 14.93. Found: Cl, 17.05, 
16.59, 18.22. 
The yellow crystalline chloride compound was analyzed for 
chlorine, carbon and hydrogen. The results are as follows: 
Anal. Calcd. for Ci2Hx2°2Ncl: c> 60.63; H, 5.09; Cl, 14.93. 
Found: C, 60.59; H, 5.16; C, 61.00; H, 5.08; Cl, 14.94, 14.15, 
14.83. 
The molecular weight of this mono-chloride compound was de¬ 
termined by the Rast’s camphor method. The results are as 
follows : 
Anal. Calcd. for Cx2Hx2°2^61: Mol. wt. 237.681. Found: Mol. 
wt. 238.62, 238.56. 
The ozonolysis of the mono-chloride compound.— In order 
to established the structure of this mono-chloride compound a 
19 
one gram sample of this substance was dissolved In 100 cc. of 
chloroform. The solution was kept cold while ozonized oxygen 
was passed through the solution for a period of twelve hours. 
The crude ozonide was treated with cold water and allowed 
to stand at room temperature while it was shaken vigorously 
every fifteen minutes for a period of one hour. Then the so¬ 
lution was refluxed on a steam bath for several minutes. After 
all the chloroform was removed by distillation the tempera¬ 
ture began to rise rapidly until it reached 88°C. The liquid 
which came over at this temperature was definitely charac- 
27 
terized by the presence of diacetyl. A sample of this liquid 
distillate as well as the aqueous solution was treated with 
semicarbazide hydrochloride, and sodium acetate according to 
28 
the method of Shriner and Fuson. Green semicarbazone crystals 
were isolated which when purified melted at 278°C. A specimen 
of known was mixed with an unknown sample and its presence 
did not depress the melting point of the original. The follow¬ 
ing equation illustrates the course of reaction: 
CH3 - C=0 CH3 - Çz NNHCONHg 
| i 2HoNNHC0NHt? ^ I " -f 2H0H 
CH5 - CzO
n ? CH3 - CZ NNHC0NH2 
Another sample of the liquid and aqueous solution was 
27 
Levine and Cole, J. Am. Chem. Soc., 54, 538 (1932). 
28 
Shriner and Fuson, "The Systematic Identification of 
Organic Compounds," John Wiley and Sons, Inc., New York, 1948, 
p. 170. 
20 
treated with phenylhydrazine according to the method of Shriner 
and Fuson.^® The phenylosazone crystalline derivative melted at 
24l°C. The literature reports the melting point of the phenyl¬ 
osazone derivative of biacetyl as being 245°C. The presence of 
the unknown did not depress the melting point of the known. 
The following equation illustrates the course of reaction: 
CH3 - CzO CH3 - ÇZ NNHC6H5 
I + 2Hç>NNHGfiHR ^ f 2H0H 
CH3 - C=0 ' CH3 - C= NNHC6H5 
A sample of p-Nitrobenzaldehyde was isolated from the 
neutral portion of the reaction mixture. Its melting point was 
104°C. 
Also a sample of p-Nitrobenzoic acid was isolated from the 
acid portion of the solution. After this acid had been purified 
it melted at 241°C. which corresponds to the melting point in 
the literature. A sample of known p-Nitrobenzoic acid was mixed 
with the unknown substance and the melting point of the origi¬ 
nal was not depressed. 
On the basis of the experimental results here presented we 
believed that the mono-chloride has the following structure: 
ici 
The ozonization and subsequent hydrolysis of the above chloro- 
29 
Ibid., p. 116. 
21 
compound Is illustrated in the following equations: 
-Cl 
•oJ 
■^NJ-Cl + HOH v 02N 
H 
02N-O -COOH -f- CzO -+ 
Cl 
HOH 
The reaction of maleic anhydride with l-p-Nitrophenyl-4- 
chloro-2,5-dimethylbutadiene-1,5»— A sample of 0.2105 gram of 
chloro-diene was heated in a dry flask with an excess of maleic 
anhydride for fifteen minutes and allowed to cool. This reaction 
mixture was washed with warm water followed by alcohol to re¬ 
move any unreacted products which were left in the flask. The 
brownish compound was set inside a desiccator to dry and next, 
it was recrystallized from absolute alcohol. This new compound 
melted at 87°C. It was analyzed for carbon and hydrogen. 
Anal. Calcd. for G20H19°10N: C» 55.42; H, 4.41. 
Found: C, 55.26; H, 4.76; C, 55.25; H, 4.41. 
The reaction of hydrogen chloride with l-p-Nitrophenyl-4- 
chloro-2,5-dimethylbutadiene-1,5.— A sample of 0.5125 gram of 
l-p-Nitrophenyl-4-chloro-2,5-dimethylbutadiene-1,5 was dissolved 
in 50 cc. of sodium dried thiophene-free benzene. This solution 
22 
was kept cold while a stream of dry hydrogen chloride gas was 
passed into the solution for a period of four hours. The re¬ 
action mixture was allowed to stand over night and the next 
morning the benzene was removed by suction. The residue which 
remained in the flask was dissolved in ether. After which the 
ether solution was washed with a 5 % sodium carbonate solution 
to remove the excess hydrogen chloride and finally with water. 
It was then dried over anhydrous calcium sulfate. The dry 
ethereal layer was transferred to a small filter flask and the 
solvent was removed by suction. The yellow crystalline materi¬ 
al was recrystallized from ligroin. Its melting point was 
identical with the original compound. The melting point of a 
mixture of this product with known diene showed the two 
substances to be identical. Thus, indicating that dry hydrogen 
chloride gas did not add to l-p-Nitrophenyl-4-chloro-2,3- 
dimethylbutadiene-1,3 under the conditions tried. 
The reaction of aniline with l-p-Nltrophenyl-4-chloro-2f3- 
dimethy'lbutadiene-1,3.— A sample of l-p-Nitrophenyl-4-chloro- 
2,3-dimethylbutadiene-1,3 was treated with an excess of fresh¬ 
ly distilled aniline according to the method used by Muskat 
30 and Grimsley in preparing the aniline derivative of 4-bromo- 
1-phenylbutadiene-l,3 and was allowed to stand at room temper¬ 
ature for twenty-four hours. The excess aniline was removed by 
treating the solution with cold dilute hydrochloric acid. The 
__ 
Muskat and Grimsley, J. Am. Chem. Soc.. 55, 3764 (1933). 
23 
resulting mixture was extracted several times with ether. The 
ether solution was dried over anhydrous sodium sulfate and 
then over sodium hydroxide. It was then filtered into another 
dry flask. While keeping the solution cold, dry hydrogen 
chloride gas was passed into the mixture for six hours. The 
solution became orange-colored but no solid separated. The 
ether was removed by suction leaving a dark-gray substance in 
the bottom of the flask which melted at 123°C. This dark 
material was dissolved in sodium dried thiophene-free benzene 
and as the excess solvent was removed by suction the solution 
gradually change from dark-gray to a light-yellow. This color 
persisted until the last trace of solvent was removed. The 
yellow crystalline substance melted at 125°C. which was 
identical with the melting point of the original chloro-com- 
pound. The unknown substance did not depress the melting 
point of the known substance. This indicated that aniline did 
not react with the chloro-diene. 
The reaction of sodium acetate with l-p-Nltrophenyl-4- 
chloro-2t3-dimethylbutadiene-l,3.— A sample of 0.9616 gram 
of l-p-Nitrophenyl-4-chloro-2,3-dimethylbutadiene-l,3 was 
treated with 0.0384 gram of sodium acetate and freshly 
distilled acetic anhydride and this mixture was refluxed for 
four hours. After it had been allowed to cool, it was poured 
into ice water and stirred vigorously for several minutes. 
This aqueous solution was extracted several times with ether. 
The ether solution was washed with 10 % sodium hydroxide 
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solution and with water, and dried over anhydrous calcium 
sulfate. The original compound was recovered and confirmed by 
testing for halogen and taking a mixed melting point determi¬ 
nation with known diene. 
The reaction of silver oxide with l-p-Nitrophenyl-4-chloro- 
2.3- dimethylbutadiene-l,5.— One-para-Nitrophenyl-4-chloro- 
2.3- dimethylbutadiene-l,3 was treated with silver oxide accord- 
ing to the method of Grummitt and Vance. The silver oxide was 
suspended in 100 cc. of water and stirred while being heated. 
To this suspension was added 0.3214 gram of l-p-Nitrophenyl-4- 
chloro-2,3-dimethylbutadiene-l,3 in which stirring and heating 
were continued for twelve hours. The solution was acidfied 
and filtered. The precipitate was washed with ether and the 
acidic filtrate was extracted several times with ether. The 
extracts were combined and extracted with 5 % sodium carbonate. 
This carbonate solution was acidfied and in turn it was ex¬ 
tracted with ether and the ethereal solution was dried and 
the ether was removed by suction. It was not possible to 
obtained the acid expected from this chloro-compound. The 
aqueous solution however gave a positive fuchsin aldehyde test. 
The penta-chloride.— A sample of 0.3452 gram of 1-p-Nitro- 
phenyl-4-chloro-2,3-dimethylbutadiene-l,3 was dissolved in 
chloroform. Dry chlorine gas was passed into the solution for 
a period of four hours while keeping the solution cold. After 
_ 
Grummitt and Vance, J. Am. Chem. Soc., 72, 2669 (1950). 
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which the solvent was removed under reduced pressure. This oil 
was analyzed for chlorine present. The results are as follows: 
Anal. Calcd. for C^gH^gC^NClg: Cl, 46.71. Pound: Cl, 46.53. 




one mole of chlorine in the 3,4-position which was quite 
unstable at room temperature; it lost hydrogen chloride to 
form the stable mono-chloride. 
This conjugated mono-chloride reacted with two moles of 
maleic anhydride to give a halogen-free derivative which was 
hydrolyzed to the tetracarboxylic acid. 
0ne-para-Nitrophenyl-2,3-dimethylbutadiene-l,3 would not 
react with dry hydrogen chloride in the cold solution of 
sodium dried thiophene-free benzene. 
The chloro-diene did not react with aniline under the 
conditions tried. 
Ultra violet absorption measurements indicated that the 
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